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STATISTICAL  HODILIKG  OF  TRAVEL  SPEEDS  Ai©  DELAYS 
ON  A  HIGH-VOL1BME  EI6BHAT 


INFORMATIVE  ABSTRACT 

This  investigation  was  «  pare  of  a  project  designed  to  evaluate  the 
effectiveness  of  traffic  engineerlag  applied  to  problems  of  traffic 
movement  on  the  HJ.S.  52  Bypass  in  Lafayette,  Indiana*  The  specific  pur- 
poses of  this  research  were  to  determine  the  significant  factors  which 
influence  travel  speeds  and  delays  and  to  develop  statistical  models  for 
the  estimation  of  these  travel  characteristics. 

The  movements  of  traffic  on  the  highway  were  classified  as  uninter- 
rupted flow  between  intersections  and  as   interrupted  flow  at  the  signalized 
intersections.  Factor  analysis  and  multiple  linear  regression  techniques 
were  applied  to  express  overall  travel  speeds  and  delays  as  functions  of 
factors  and  variables  that  were  descriptive  of  the  traffic  stream,  road- 
way geometry,  and  roadside  development o 

The  most  significant  factors  in  accounting  for  the  variations  in 
travel  speeds  of  uninterrupted  flow  were  the  types  of  roadside  development 
(commercial,  urban,  and  rural)  and  stream  friction.  Vehicular  delays  at 
traffic  signals  were  largely  dependent  on  the  signal  timing,  traffic 
volume,  and  the  chance  of  whether  or  not  stops  occurred. 


INTRODUCTION 

In  recent  years,  vehicular  travel  has  increased  at  a 
rate.  The  construction  of  ciew  highways  and  the  Improvement  of  existing 
facilities  have  failed  to  keep  pace  with  the  growth  of  motor-vehicle 

travel.  The  problem  is  especially  acute  in  urban  areas 9  where  major 
arterial  highways  lack  needed  capacity  for  handling  the  large  movements 
of  intraeity  travel.  Inadequate  planning  and  improvement  of  these 
facilities  have  resulted  in  congestion  and  delays  which  are  costly  and 
irritable  to  the  road  users. 

Limited-access  freeways  are  being  constructed  in  large  urban  areas 
to  accommodate  the  major  flows  of  through  and  intraeity  travel.  Existing 
arterial  highways  continue  to  play  an  important  role  in  the  movement  of 
traffic,  however,  and  they  serve  as  collectors  and  distributors  for  the 
new  expressways.  Through  sound  traffic  engineering  techniques ,  the 
improvement  of  these  arterial  facilities  is  necessary  for  the  efficient 
and  safe  functioning  of  the  complete  transportation  system  of  an  urban 
area.  With  great  emphasis  placed  on  the  construction  of  new  roads,  the 
continuing  renovation  of  existing  highways  has  been  largely  neglected. 

A  project  was  undertaken  by  the  Joint  Highway  Research  Project  of 
Purdue  University,  the  Indiana  State  Highway  Commission,  and  the  U.S. 
Bureau  of  Public  Roads  to  evaluate  the  effectiveness  of  traffic  engineer- 
ing as  applied  to  the  improvement  of  a  congested  urban  arterial  highway. 
The  purpose  of  this  research  investigation,  as  a  portion  of  that  project, 
was  s  detailed  analysis  of  travel  speeds  and  delays.  The  specific 
objectives  of  this  study  were  tos 
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1.  Determine  the  significant  factors  and  variables  which 
influence  travel  speeds  and  delays; 

2o  Develop  statistical  models  using  these  significant 
variables  to  predict  travel  speeds  and  delays. 

The  various  statistical  models  developed  to  express  travel  speeds 
and  delays  as  functions  of  factors  and  variables  that  are  descriptive 
of  the  roadway  and  its  environment  afforded  an  insight  into  the  character- 
istics of  traffic  flow  on  this  study  route.  The  relationships  permitted 
the  determination  and  evaluation  of  appropriate  improvements  in  the 
existing  roadway  and  in  traffic  control  devices  to  minimise  travel  delays < 
The  planning  and  design  of  new   facilities  are  also  benefited  by  the 
development  of  estimating  equations  to  predict  travel  speeds  and  delays » 


W&mi  OF  LITERATURE 

Travel  tine  studies  haw  been  performed  for  various  purposes,  ell 
of  which  are  related  to  the  evaluation  of  the  level  of  service  afforded 
by  a  highway  section.  Because  the  driver  often  considers  total  tiss  In 
reaching  his  destination  as  the  criterion  for  selecting  a  certain  route, 
travel  times  are  given  consideration  in  the  evaluation  of  a  highway 
system.  (4)* 

Previous  investigations  have  been  performed  to  determine  those 
variables  that  have  significant  effects  on  travel  speed.  These  variables 
are  generally  classified  la  the  categories  of  traffic  stream,  roadway 
geometry,  roadside  development,  and  traffic  controls «. 

Overall  travel  speed  appears  to  be  related  closely  to  traffic  volume 
Wo  P.  Walker  found  that  for  a  highway  section  on  which  ail  variables  were 
controlled  except  volume,  the  average  speed  of  traffic  decreased  with  an 
increase  in  volume.  In  rural  areas  a  straight-line  relationship  occurred 
between  volume  and  average  travel  speed  when  the  critical  density  of  the 
highway  was  not  exceeded.  Beyond  this  density,  speed  continued  to  decree 
but  volume  also  decreased  because  of  congestion. (13)  Sn  the  Chicago  area 
travel  speeds  were  observed  to  decrease  continually  with  increasing 
volumes  without  a  break  signifying  the  critical  density. (?) 

The  characteristics  of  the  traffic  stream  have  important  effects  on 
travel  speed,  but  these  influences  have  not  been  conclusively  substet 
by  field  investigations.  (13)  The  character  of  traffic  Includes  such  i 
*a  through  traffic,  local  traffic,  driver  residence,  trip  purpose,  and 
trip  destination.  In  one  study,  the  percentage  of  commercial  vehicles 


in  parentheses  refer  to  items  in  the  Bibliography. 
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had  e  negligible  influence  on  travel  speed.  (2) 

Little  information  is  available  concerning  the  relationship  of  over- 
all travel  speed  with  highway  geometry.  A  linear  correlation  of  travel 
time  with  street  width  was  tsade  by  &.  B.  Coleman.  The  width  alone  did 
not  affect  travel  tiee  significantly.  (2) 

The  effects  of  various  types  of  £s^>8dane@e  on  the  average  overall 
of  test  vehicles  were  studied  in  ISortfe  Carolina.  Many  of  these 
were  related  to  ccasaereial  development.  These  resistances 
included  various  types  of  turning  eovemsnts,,  slow-saving  vehicles,,  marginal 
friction  such  as  parked  car©  and  pedestrians,  and  vehicles  passing  in  the 
opposing  direction.  The  presence  of  slow-moving  vehicles  had  the  eaost 
significant  influence  in  reducing  speeds.  Left  and  right  turns  fro®  the 
direction  of  travel  of  the  test  car  were  also  important  causes  of  speed 
reductions „  The  remaining  Impedances  examined  in  that  study  were  both 
individually  and  collectively  insignificant.  (3) 

Investigations  have  been  made  to  evaluate  and  ece^are  the  performance 
of  different  types  of  traffic  signals  and  their  relationships  to  travel 
speeds  and  delays.  W.  H.  ^olk  reported  that  stopped- time  delays  to 
vehicles  which  were  required  to  stop  ware  much  greater  at  fixed-tine 
signals  than  for  traffic-actuated  signals  and  for  tro-vasy  and  four  way 
stopped- control led  intersections,  in  the  sasae  study  intersections 
exhibiting  similar  relationships  between  delays  and  volumes  were  grouped 
together.  Simple  linear  regression  equations  were  developed  to  predict 
delay  from  traffic  volume  with  an  acceptable  degree  of  reliability.  (12) 

A  straight- line  relationship  between  sasan  travel  time  and  signal 
density  was  established  for  urban  areas  in  Pennsylvania.  Regression 
equations  developed  for  various  volume-to-eapacity  ratios  were  reasonably 
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precise  for  uncongested  conditions.  Travel  fctsaes  for  teat  sections  *ri.th 
coordinated  signals  were  compared  with  tiaees  for  a  series  of  non- 
coordinated  signals.  The  sections  with  coordinated  signals  bad  reduced 
travel  times,  but  the  difference  was  not  statistically  significant.  (2) 


The  highway  analysed  la  this  investigation  ess  the  U.S.  52  Bypass 
at  Lafayette,  Indiana.  A  variety  of  traffic  functions  served  by  this 
Lane  facility  includes 

1.  through  traffic  befetseea  l&dia&apolie,  Chicago,  and  intermediate 
points 5 

2.  Terrains!  traffic  fc«a  throughout  Tippecanoe  County  to  Lafayette s 
an  industrial  center  aad  the  county  seat,  and  to  Purdsaa 
University  in  adjoining  West  Lafayettef  and 

3.  Local  traffic  to  eossssgreial  and  industrial  estehlj 
shutting  the  bypass . 

Design  of  Study 


The  bypass  was  divided  into  18  homogeneous  study  sections  by  con- 
sidering geometry,  speed  limit,  roadside  development ,  and  location  of 
traffic  signals.  These  sections  are  shown  in  Figure  1.  Signalized 
intersections  were  separated  froa  the  other  sections  of  this  route. 
These  intersections,  which  were  categorised  as  "interrupted  flew," 
represented  a  special  condition  where  traffic  was  required  to  stop  for 
the  red-signal  indication.  A  distance  of  500  ft  on  each  side  of  the 
center  of  the  intersection  \ms   established  to  define  the  zone  of 
influence  of  the  traffic  signal.  Sections  3,  8,  11,  13,  and  15  were 
classified  in  this  category  of  interrupted  flow.  The  traffic  signal  in 
Section  3  was  seal-actuated,  and  the  other  four  signals  had  fixed- tiae 
cycles.  The  regaining  portion  of  the  two- lane  bypass  was  designated  and 
analysed  as  "uninterrupted  flow."  This  category  included  Sections  2,  4, 
5,  6,  7,  9,  10,  12,  14,  and  16. 
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TEST    SECTIONS  OF 
U.S.    5  2    BYPASS 


sections  of  the  bypass  weir©  not  considered  la  the  aultivarlate 
analyses  of  the  intercepted  and  tee  uninterrupted  flovs.  Sections  1  and 
17  included  transitions  from  a  four- lane,  divided  highway  to  a  two-laa© 
roadway |  Section  IS  was  entirely  a  four- lane  facility ■> 

The  selection  of  the  variables  to  be  included  in  the  multivariate 
analyses  was  dependent  on  qi  esaraination  of  those  variables  considered 
in  previous  investigations  and  on  the  availability  and  ease  of  collecting 
data*.  The  following  variables  were  Included  in  the  analysis  of  uninter- 
rupted flow  by  direction  of  travels 

1  -  Intersecting  streets  on  the  right  -  auasber  per  aila, 

2  -  Intersecting  streets  on  the  left  -  number  per  telle, 

3  -  Intersecting  streets  on  both  sides  -  masher  per  sails, 

4  -  Access  drives  on  the  right  -  nusiber  per  mile, 

5  -  Access  drives  on  the  left  -  number  per  saila, 

6  -  Access  drives  on  both  sides  -  nuafcer  per  mile, 

7  -  Commercial  establishments  on  the  right  -  nuaber  per  mile, 

8  -  Commercial  establishments  on  the  left  -  nuaber  per  mile, 

9  -  Commercial  establishments  on  both  sides  -  number  per  sdle, 

10  -  Posted  speed  limit  -  mph, 

11  -  Average  shoulder  width  on  the  right  -  ft, 

12  -  Average  shoulder  width  on  the  left  -  ft, 

13  -  Portion  of  section  length  where  passing  was  not  permitted  - 


14  -  Average  absolute  grade  -  percent, 

15  -  Average  algebraic  grade  -  signed  percent, 

16  -  Average  curvature  -  deg, 


17  -  Geometric  modulus  (based  on  gradients  lane  width,  sight  distance, 
0.  (ID 


; 


18  -  Average  safe  stopping  sight  distance  -ft, 

19  -  Practical  capacity  -  vph, 

20  -  Possible  capacity  »  vph, 

21  -  Advertising  signs  ~  raas&er  per  mile, 

22  -  Warning  signs  -  aue&er  per  mile, 

23  -  Information  signs  -  number  per  sile, 

24  -  Regulatory  signs  -  number  per  rails, 

25  -  Presence  of  a  truck  climbing  lane  (0  if  aoB  1 

26  -  Presence  of  a  signs!  in  the  nest  section  (0  If  no,  1  if  yes), 

27  -  Presence  of  a  signal  in  the  preceding  section  (0  if  no ,  1  if 

28  -  Monday  (0  if  no,  1  if 

29  -  Tuesday  (0  if  no,  1  if 

30  -  Wednesday  (0  if  no,  1  if 

31  -  Thursday  (0  if  no,  1  if  yes), 

32  -  Friday  (0  if  no,  1  if  yes) , 

33  -  8s00  a. st.  to  lOsOO  a.m.  (0  if  no,  1  if  yes), 

34  -  lOsOl  a  .a.  to  12s00  n.  (0  if  no,  1  if  yes), 

35  -  12s 01  p.m.  to  3s00  p.m.  (0  if  no,  1  if  yes), 

36  -  3s01  p.ia.  to  6s00  p.m.  (0  if  no,  1  if  yes), 

37  -  Traffic  volume  in  direction  of  travel  -  vehicles  per  15  min.s 

38  -  Traffic  volume  in  she  opposing  direction  of  travel  -  vehicles 

per  15  tain., 

39  -  Commercial  vehicles  (larger  than  a  pickup  truck)  -  percent, 

40  -  Southeast  direction  of  travel  (0  if  no,  1  if  yes), 

41  -  Morthwest  direction  of  travel  (0  if  no,  1  if  yes), 

42  -  Total  traffic  volusae  -  vehicles  per  15  Bin., 

43  -  Volume  to  practical  capacity  ratio, 
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44  -  Volume  to  possible  capacity  ratio,  and 

45  -  Overall  travel  spesd  -  mpho 

The  remaining  variables  were  included  in  the  analysis  of 
Interrupted  flows 

46  -  Presence  of  a  semi-actuated  signal  (0  if  no,  1  if  yes), 

47  -  Presence  of  a  signs!  indication  for  left-turn  a&svsment 

CO  if  no,  1  if  yes) , 

48  -  Presence  of  a  right-turn  lane  (0  if  no,  1  if  yea), 

49  -  Length  of  approach  to  turning  lane  -  ft. 

50  -  Length  of  exit  for  merging  lane  -  ft. 

51  -  Average  algebraic  grade  of  approach  -  percent, 

52  -  Average  algebraic  grade  of  exit  -  percent, 

53  -  Intersecting  streets,  excluding  that   street  with  the  signal, 

on  the  right  -  number, 

54  -  Intersecting  streets,  excluding  that  street  with  the  signal, 

on  the  left  - 


55  =  Intersecting  streets,  excluding  those  streets  with  the  signal, 
on  both  sides  -  number, 


56  -  Access  drives  on  the  right  -  number 

57  -  Access  drives  on  the  left  -  number 

58  -  Access  drives  on  bath  sides  -  number, 

59  -  Commercial  establishments  on  the  right  - 

60  -  Commercial  establishments  on  the  left  - 

61  -  Commercial  establishments  on  both  sides 

62  -  Cycle  length  of  traffic  signal  -  sec  per  cycle, 

63  -  Green  time  in  direction  of  flow  -  sec  per  cycle, 

64  -  Practical  approach  capacity  -  vph, 

65  -  Advertising  signs 

66  -  Warning  signs  -  number, 


-;*«>■    OS    MHflO^    -    *£ 
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67  -  Information  signs 

68  -  Regulatory  signs  - 

69  -  Southeast  direction  of  flow  (0  if  no,  1  if  yes), 

70  -  Horthwest  direction  of  flow  (0  if  ao,  1  if  yes), 

71  -  Vehicles  making  left  turns  from  the  direction  of  travel  -  percent, 

72  -  Vehicles  leaking  right  turns  fro®  the  direction  of  travel  -  percent,, 

73  -  Vehicles  making  left  turns  from  the  opposing  direction  of  travel  - 

per< 


74  -  Average  shoulder  width  on  the  right  -  ft. 

75  -  Average  shoulder  width  on  the  left  -  ft. 

76  -  Monday  CO  if  no,  1  if  yes  ), 

77  -  Tuesday  (0  if  ao,  1  if  yes), 

78  -  Wednesday  (0  if  no,  1  if  yes), 

79  -  Thursday  CO  if  no,  i  if  yes), 

80  -  Friday  CO  if  no,  1  if  yes), 

81  -  8i00  a.m.  to  lOsOO  a.n.  (0  if  no,  I  if  yes), 

82  -  10s 01  a.m.  to  12j00  a.  (0  if  no,  1  if  yes), 

83  -  12g01  p.®.  to  3s00  p.m.  (0  if  no,  1  if  yes), 

84  -  3s01  p.m.  to  6s00  p.m.  (0  if  no,  1  if  yes), 

85  -  Traffic  volume  approaching  the  intersection  in  the  direction  of 

travel  -  vehicles  per  15  min., 

86  -  Traffic  volume  approaching  the  intersection  in  the  opposing 

direction  of  travel  -  vehicles  per  15  «ain.s 

87  -  Total  traffic  volume  entering  the  intersection  on  ail  approaches  - 

vehicles  per  15  aia., 


88  -  Commercial  vehicles  (larger  than  a  pickup  truck)  - 

89  -  Green  time  to  cycle  length  ratio, 

90  -  Approach  volume  to  total  volume  entering  intersection  ratio, 

91  -  Approach  volume  to  practical  capacity  ratio, 
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92  -  Overall  travel  spead  -  csph.,  and 

93  -  Delay  (total  delay  for  Che  test  vehicle  traveling  through 

the  intersection)  -  sec. 

Variables  comprising  street ,  access  drive,  and  commercial  densities 
were  expressed  in  a  "per  mile"  form  for  the  uninterrupted  flew  sections 
because  of  the  variation  in  section  lengths.  The  lengths  of  the  inter- 
rupted flow  sections  were  uniform,  sad  similar  variables  for  this  analysis 
were  retained  as  an  absolute  value.  Because  ail  traffic  lanes  of  the 
bypass  were  11- ft*  wide,  lane  width  was  not  included  as  a  variable,, 

Collection  of  Data 

An  inventory  of  the  physical  characteristics  for  the  bypass  was 
made  from  construction  plans  and  aerial  photographs.  En  some  eases, 
actual  measurements  were  performed  in  the  field.  Section  lengths  measured 
by  a  fifth-wheel  odometer  were  cheeked  with  the  control  points  located  on 
the  construction  plans. 

Possible  and  practical  capacities  were  cosputed  in  accordance  with 
methods  described  in  the  Highway  Capacity  Manual.  (6}    Volumes  were 
recorded  simultaneously  with  the  measurement  of  travel  times.  Counts 
were  taken  at  four  points  along  the  test  route  for  15-min.  intervals. 
The  control  stations,  located  in  Sections  2,  6,  10,  and  16,  were  used  to 
expand  the  volumes  by  hour  and  by  direction  for  the  remaining  sections. 
All  volumes  were  obtained  with  recording  countess  actuated  by  pneumatic 


The  result  of  a  traffic  composition  analysis  at  representative 
sections  was  that  the  percentage  of  vehicles  larger  than  a  small  two-axle 
pickup  truck  was  constant  for  all  sections  of  the  bypass.  Hourly 
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fluctuations  did  occur,  and  ratios  were  established  for  different  periods 
of  the  day.  The  percentages  of  vehicles  turning  right  and  left  at  a 
given  signalized  intersection  did  not  vary  significantly  for  different 
periods  of  the  day.  average  values  for  turning  movements  were  established 
for  each  Intersect  ion  <> 

Travel  times  were  measured  by  the  aversge«car  technique .  The  driver 
operated  the  test  car  at  a  speed  which  in  his  opinion  wag  representative 
of  the  average  speed  of  the  traffic  stream*  Pairing  periods  when  the  test 
car  was  not  influenced  by  other  vehicles,  the  driver  observed  the  speed 
limit o  Travel  times  at  the  section  boundaries  were  recorded  with  a  stop 
watch  by  an  observer  in  the  ear.  Whenever  the  vehicle  was  forced  to  stop, 
the  duration  of  this  stop  was  measured  with  a  second  stop  watch. 

Forty  runs  were  made  in  each  direction  to  assure  a  good  estimate  of 
the  mean  travel  speed  for  each  section.  (1,  10)  This  procedure  provided 
a  sample  else  of  800  observations  for  the  ten  sections  representing  un- 
interrupted flow.  Five  sections  provided  a   sample  size  of  400  observa- 
tions for  the  snalysls  of  interrupted  flow. 

All  test  car  runs  were  made  over  the  entire  length  of  the  bypass. 
The  test  vehicle  entered  the  traffic  stream  about  0.5  mile  before  the 
first  section  and  continued  for  approximately  the  seme  distance  after 
the  last  section.  The  data  collections  were  made  on  weekdays,  in  daylight 
between  the  hours  of  8s00  a.m.  and  6s00  p.m.,  and  during  clear  and  dry 
weather  conditions.  To  insure  a  variation  in  traffic  volumes,  trips  were 
made  during  peak  and  off-peak  hours. 
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The  data  were  first  processed  and  sussaerised  before  the  multivariate 
analyses  were  Initiated.  Travel  t loses  for  each  run  and  section  were 

converted  to  overall  travel  speeds  as  follows s 

L  (36001 


1.  S  - 

* 

where  S  ■  overall  travel  speed  -  vs$h9 

L  -  length  of  test  section  -  miles,  and 
T  a  travel  time  -  see. 
The  mean  travel  speed  and  stop  time  for  each  section  and  direction  were 
calculated o 

The  travel  delay  for  each  run  at  sigaalissd  intersections  was 
computed  as  follows s 


D  -  T  - 


where  D  «  travel  delay  -  sec, 

T  «  travel  time  -  see, 

L  ■  length  of  section  -  miles, 

§  ■  average  overall  travel  speed  of  adjacent  section 
before  intersection  -  mph,  sad 

§  "  average  overall  travel  speed  of  adjacent  section 
after  intersection  -  taph. 

The  term  In  the  brackets  in  Equation  2  was  considered  as  the  hypothetical 

travel  time  if  the  intersection  had  not  existed.  In  a  few  cases  where 

the  computed  delay  was  a  negative  value,  these  delays  were  assumed  to  be 

sero.  The  delays  were  averaged  for  each  intersection  by  direction. 

The  average  delay  per  vehicle  for  each  signalized  intersection  was 

again  calculated  by  a  theoretical  method  which  depends  on  the  red  interval 


iBVitttai  bvt  mdi  m  tiMmpb  rf*l*»  b*l»««  HrtJ»»«rf»  •  XI*  b^mtuoXmo  najjt 


15 


of  the  cycle,  the  average  arrival  headway  in  the  traffic  stream,  sod  the 
starting  performance  of  the  queue.  The  average  delay  per  vehicle  isg 


where  d  ■»  average  tie  ley  per  vehicle  -  sec, 
A  m   average  arrival  headway  -  sec, 
C  «=  cycle  length  -  see, 
n  =  total  number  of  vehicles  stopped  in  R, 
a  ■»  length  of  stop  time  in  cycle  -  sec,  and 
Q  a  constant  (depending  on  the  value  of  n}» 

Complete  details  of  this  derivation  are  presented  in  the  textbook, 

Traffic  Engineering.  (8) 

Multivariate  Analyses 

The  first  step  in  each  multivariate  analysis  was  the  calculation  of 
a  correlation  matrix  for  the  study  variables „  Both  factor  analysis  and 
multiple  linear  regression  techniques  were  utilized  in  thia  statistical 
modeling  of  travel  speeds  and  delays  on  a  high-volume  highway .  Before 
the  factor  analysis  was  performed,  the  dependent  variables  were  deleted 
from  the  correlation  matrix.  This  procedure  permitted  later  correlations 
between  the  dependent  variables  and  the  generated  factors. 

Orthogonal  factors  were  generated  so  that  a  maximum  contribution  to 
the  residual  communality  was  provided.  The  generation  of  the  factors 
was  terminated  when  the  eigenvalue  became  less  than  1.00.  The  factor 
matrix  was  then  rotated  with  the  varimax  method  to  aid  interpretation  of 
each  factor.  An  examination  of  the  rotated- factor  matrix  resulted  in  the 
identification  of  the  generated  factors. 
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Coefficients  were  developed  to  express  each  factor  la  terms  of  the 
original  variables <>  Thus,  the  factors  were  evaluated  from  the  values  of 
the  variables  that  were  significantly  related  to  each  factor.  The  final 
step  in  the  factor  analysis  ssss  the  correlation  of  the  generated  factors 
with  the  dependent  variables..  The  resulting  multiple  linear  regression 
equation  expressed  the  dependent  variable  as  a  function  of  the  significant 
factors.  (9) 

A  build-up  regression  analysis  was  then  performed  on  the  study 
variables.  (5)  The  following  criteria  were  used  in  rating  the  variables 
for  inclusion  in  the  final  multiple  linear  regression  equations? 

1.  Each  significant  factor  was  represented  by  st   least  one  closely 
related  variables 

2.  The  final  model  involved  a  tsiniEam  of  computations  with  readily 
obtainable  data;  and 

3.  The  multiple  coefficient  of  determination  did  not 
significantly  by  including  additional  variables. 
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The  results  of  the  multivariate  analyses  of  travel  speeds  and  delays 
are  presented  and  diseased  in  this  section.  The  data  were  first  summarised 
by  computing  mean  travel  speeds  and  delays  for  each  study  section <>  A  factor 
analysis  was  performed  to  gain  an  Insight  Into  the  relationships  among  the 
study  variables .  Multiple  linear  regression  equations  were  developed  to 
predict  mean  travel  speeds  and  delays  in  fcer&s  of  the  factors  and  the 
variables.  The  results  of  these  analyses  were  then  applied  in  recommending 
improvements  to  minimise  delays  on  the  bypass  location .  All  variables 
are  identified  by  the  numbers  which  are  listed  in  the  discussion  of  the 
experimental  design.  Each  factor  is  labeled  with  a  letter  in  the  evalua- 
tion of  the  results  of  the  factor  analysis. 

Uninterrupted  Flow 

The  overall  travel  speeds  for  each  test  section  in  the  analysis  of 
uninterrupted  flow  were  averaged  for  both  directional  flows  and  the 
combined  flows.  These  mean  travel  speeds  are  summarized  in  Table  1.  The 
highest  speeds  occurred  in  Sections  58  6,  and  7  where  the  commercial 
roadside  development  was  sparse.  In  Sections  12,  14,  16  where  heavy 
commercial  strip  development  occurred*  the  lowest  speeds  were  recorded. 

Factor  Analysis 

A  correlation  matrix  was  calculated  for  variables  1  to  45  inclusive. 
Variables  2,  5,  8,  and  38  were  deleted  from  the  matrix  to  avoid  singularities . 
Variables  40  and  41,  which  identified  the  directional  flows,  and  variable 
45,  overall  travel  speed,  were  also  removed.  This  speed  variable  was 
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TABLE   1 

AVERAGE  OVERALL  TRAVEL  SPEEDS, 
UNINTERRUPTED  FLOW 


Section 

Average 

Overall  Travel 

Speed,  mph 

SE   Flow 

NW   Flow 

Combined  Flows 

2 

41.4 

40.6 

41.0 

4 

42.0 

47.7 

44.9 

5 

51.0 

52.5 

51.8 

6 

52.8 

53.9 

53.4 

7 

45.1 

45.2 

45.2 

9 

40.3 

42.0 

41.2 

10 

40.8 

42.6 

41.7 

12 

34.4 

39.3 

36.9 

14 

30.4 

33.5 

32.0 

16 

35.3 

35.3 

35.3 
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late?  correlated  with  the  generated  factors .  The  revised  correlation 

matrix  was  faetorized  with  unities  inserted  in  the  tsaia  diagonal  of  the 
matrix.  The  38  variables  wore  reduced  to  13  factors  which  accounted  for 
88  percent  of  the  total  variance  of  the  variables. 

The  13  factors  were  the©  rotated  to  aid  in  their  identification. 
The  signed  factor  coefficients  indicate  the  relative  is^ortanee  of 
variable  in  the  explanation  of  the  generated  factors.  Tha  pins  and 
signs  are  indicative,  respectively ,  of  the  increasing  or  decreasing 
presence  of  the  variables  in  the  composition  of  the  factors.  Each  factor 
along  with  its  major  corapomnt  variables  and  their  respective  coefficients 
is  included  in  the  following  lists 

A  -  Commercial  development  -  this  factor  includes  a  concentration  of 
commercial  establishments,  access  drives,  and  related  conditions 
indicating  a  high  degree  of  commercial  development. 
6  -  Access  drives  on  both  sides,  40.9294 
9  -  Commercial  establishments  on  both  sides,  40.9287 

10  -  Speed  limit,  -0.4930 

11  -  Shoulder  width  on  right,  40.2341 

12  -  Shoulder  width  en  left  ,  40.5259 

26  -  Signal  in  next  section ,  40.4114 

27  -  Signal  in  preceding  section,  40.5888 

1  -  Horl2oatsl  resistance  -  horizontal  roadway  features  influencing 
traffic  movement  are  included  in  this  group. 

13  -  Mo-passing  sons,  40.9244 

16  -  Average  curvature,  40.7644 

17  -  Geometric  modulus,  -0.8693 

18  -  Stopping  sight  distance,  -0.7443 

19  -  Practical  capacity,  -0.7638 


■ 
■ 


i9  **3ml 

-■■:•■••.  irtc!i   «MF  ;i*  ./.-,«ffl 

'    ■ 


- 

■ 


8«K  .0-   .f*»M*»»   IO:JJM?   -  ti 


20 

20  -  Possible  capacity 6  -0.8556 

C  -  Evening  shopping  travel  -  this  category  describes  late  afternoon 
shopping  trips  on  the  evenings  when  local  stores  are  open. 
28  -  Honday,  +0.3523 

31  -  3hursday,  -0.6170 

32  -  Friday,  +0.4392 

33  -  8s00  to  10g00,  -0.2464 

34  -  lOsOl  to  12 SCO,  -0.7637 
36  -  3801  to  6s00,  +0.8724 

D  -  Flat  topography  -  a  level  roadway  alineaent  is  reflected  in 
this  factor. 
15  -  Algebraic  grade,  -0.9151 
25  -  truck  disables  lane,  -0.6860 
E  -  Time  variations  -  this  factor,  which  is  not  completely  defined, 
expresses  variations  in  the  time  periods  and  the  days  when  the 
data  were  collected. 
30  -  Wednesday,  -0.7612 

35  -  12:01  to  3s00,  -0.8616 

F  -  Urban  development  -  this  category  indicates  that  the  highway  is 
located  in  an  ©rban  area. 
3  -  Intersecting  streets  on  both  sides,  +0.7510 
10  -  Speed  limit,  -0.4368 
24  -  Regulatory  signs,  +0.4697 
6  -  Driver  distractions  -  this  group  includes  items  which  distract 
the  driver's  attention  from  the  highway. 

21  -  Advertising  signs,  +0.7895 
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26  -  Signal  in  nest  section,  40.5416 

27  -  Signal  in  preceding  section,  -0.4861 

H  -  Further  time  variations  -  additional  variations  in  times  are 
reflected  in  this  undefined  factor. 

31  -  Thursday,  -0.4723 

33  -  8s00  to  lOsOO,  -0.8820 

34  -  10801  to  128CO,  +0.4830 

I  -  Outbound  traffic  -  traffic  heading  away  frost  the  urban  area  is 
described  by  this  faetor. 

23  -  Information  signs,  -0.8789 

24  -  Regulatory  signs,  -0.S969 

37  -  boluses  in  direction  of  travel,  -0.2154 
J  -  Day-of-week  variations  -  this  faetor,  generated  by  dally 
variations,  is  not  eos^ lately  discernible. 

28  -  Monday,  40.8559 
30  -  Wednesday,  -0.2779 

32  -  Friday,  -0.6026 

X  -  Rural  development  -  this  group  of  variables  describes  a  rural- 
type  highway  with  little  roadside  development. 
3  -  Intersecting  streets  on  both  sides p   -0.2194 
9  -  Gocasercial  establishments  on  both  sides,  -0.2030 
11  -  Shoulder  width  on  right,  -0.9113 
26  -  Signal  in  nest  section,  -0.2891 
L  -  Stream  friction  -  conditions  which  cause  congestion  within  the 
traffic  stream  are  indicated  by  this  factor. 
20  -  Possible  capacity,  -0.5313 

25  -  Truck  climbing  lane,  -0.5902 

26  -  Signal  In  nest  section,  +0.4616 
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37  -  Volume  in  direction  of  travel,  +0.3986 
44  -  Volume  to  possible  capacity  ratio ,  +0o4952 
M  -  Additional  day-of-week  variations  -  this  undefined  factor 
reflects  further  variations  for  different  days  of  the  week. 

28  -  Monday,  =0*2780 

29  -  Tuesday,  +0.9610 
32  -  Friday,  -0.3467 

The  factors  wore  readily  identified  except  for  those  associated  with 
tims-of-day  and  day-of-week  characteristics .  These  variations  resulted 
frees  the  random  selection  of  different  days  and  time  periods  for  con- 
ducting the  travel- time  studies . 

The  next  execution  in  the  factor-analysis  procedure  vas  the  computa- 
tion of  the  factor-score  matrix .  The  coefficients  in  this  matrix  permit 
the  factors  to  be  evaluated  as  functions  of  the  original  variables  which 
are  expressed  in  terms  of  multiple  linear  regression  equations  .  Sxamples 
of  these  equations  are  presented  later  in  the  results o 

The  final  step  was  the  correlation  of  each  factor  with  the  mean  overall 
travel  speed  to  determine  those  factors  vhieh  significantly  accounted  for 
the  variation  in  travel  speeds.  These  correlation  coefficients  are  listed 
in  Table  2*  The  four  dominant  factors  were,  in  their  order  of  importance, 
commercial  development,  stream  friction,  urban  development,  and  rural 
development.  The  following  multiple  linear  regression  equation  was 
evolved  to  predict  mean  travel  speeds  from  the  significant  factors; 

4.  S,  -  42.30  +  9.185  C-0.5507P.  -0.1874F_  +0-1744F-  -0.2674F, ) 

1  A  ¥  K         L 


where  S.  «*  mean  travel  speed, 

F.  »  commercial  development, 
F_  ■  urban  development, 
F„  «  rural,  development, and 
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TAELE       2 

CORRELATION   OF   MEAN   TRAVEL   SPEED   WITH 
FACTORS,    UNINTERRUPTED   FLOW 


Factor 

Correlation  Coefficient 

A 

-C.5507* 

B 

-0.0525 

c 

-0.0928 

D 

+0.0049 

E 

-0.0659 

F 

-0.1874* 

G 

+C.0956 

H 

-0.0920 

I 

+C.0535 

J 

+0.0289 

K 

+0.1744 

L 

-C.2674 

M 

-0.0400 

Significant    at   the    5-percent    level 
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F,  *  stream  friction. 
The  multiple  correlation  coefficient  of  this  expression  was  0.664. 
Approximately  44  percent  of  the  total  variation  In  travel  speeds  was 
explained  by  the  four  factors.  The  precision  of  the  estimate  was 
neasared  by  the  standard  error  of  estimate  of  6.87  esph.  The  factors 
of  commercial  development*  urban  development,  and  stream  friction  wer® 
negatively  related  to  travel  speedy  while  the  remaining  factor  of  rural 
development  was  positively  associated  with  travel  speed.  This  equation 
is  most  useful  in  an  explanatory  sense  rather  than  for  actual  computations. 

Multiple  linear  regression  equations  were  developed  to  evaluate 
the  significant  factors  in  terms  of  those  variables  which  predominantly 
explained  each  factor.  The  following  equations  were  written  from  the 
coefficients  in  the  factor- score  matrix g 

5.  FA  -  -0.1070Z,  +  0.2498Z.  +  0.20642,  +  0.24382, 

A  3         4         6         7 

+  0.206829  +  0.1930227 

6.  F„  -  0.38782.  +  0.2954Z.  -  0.10122a  -  O.U90Zlrt  +  0.2558Z,- 

-  0.1444Z22  -  0.1214223  +  0.2535224  -  0.110622S  -  0.1049243 

7.  FR  -  +  G.1134ZJ  +  0.1870Z4  +  0.168827  +  0.1179Z1Q  -  0.55802n 

+  0.1456Zl5  +  0.1800Z18  -  0.1575Zig  -  0.1256220  -  0.2860222 

-  0.146QZ,,  +  0.13842.. 

26  43 

8.  FL  -  -  0.1102ZJ  -  0.11932l0  -  0.3897214  +  0.113Q215  -  0.2064Zlfi 

+  0.156421?  -  0.2553220  -  0.1513221  -  0.2502225  +  0.23622^ 

-  0.252322?  +  0.1135237  +  0.1144242  +  0.17192^ 

where  F,  «  common  factor,  and 

2.  ■  standard  score  of  variable. 
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The  values  of  the  dependent  and  independent  variables  in  these  equations 
are  expressed  in  standard-score  form.  Standard  scores  are  computed  by 
the  following  relationships 

9.  Zt  -  (X,  -  it)  /  s£ 

where  Z  ■  standard  score  of  variable  9 

X,  ■  observed  value  of  variable, 

X.  »  grand  mean  of  variable s  and 

8,  ■  standard  deviation  of  variable. 
The  grand  means  and  standard  deviations  for  each  variable  are  listed  in 
Table  9a  Appendix. 

Multiple  Linear  Regression  and  Correlation  Analysis 

The  second  phase  of  the  multivariate  analysis  of  uninterrupted- flow 
conditions  was  the  development  of  a  multiple  linear  regression  equation 
to  predict  mean  travel  speed  from  the  significant  variables.  The  38 
variables  in  the  revised  correlation  matrix  were  included  in  a  buildup 
regression  technique. 

The  following  multiple  linear  regression  equation  was  selected  as 
the  most  valid  functional  relationship  for  the  estimation  of  overall 
travel  speed. 

10.  S2  «  68.60  -  0.4541X3  -  0.1775Xg  -  0.1007X13  -  0.0150X19 

-  0.0301X42 

where  S„  ■  mean  travel  speed ,  mph 

X.  «■  intersecting  streets  on  both  sides,  number  per  mile, 

X»  *  commercial  establishments  on  both  sides,  number  per  mile, 

X.-  *  portion  of  section  length  where  passing  was  not 
permitted,  percent. 
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X._  -  practical  capacity,  vph,  and 
X/2  »  total  traffic  volume,,  vehicles  per  15  ®ia0 
The  various  statistics  of  this  regression  equation  are  summarised  la 
Table  3.  The  measure  of  correlation  was  expressed  by  a  multiple  corre- 
lation coefficient  of  Go 704 o  The  variables  of  intersecting  streets, 
commercial  establishments,  no-passing  sob©,  practical  capacity,  and  total 
voluae  accounted  for  50  percent  of  the  total  variation  in  overall  travel 
speeds  for  the  uninterrupted  flow  sections  of  the  bypass.  These  five 
variables  were  negatively  related  to  travel  speed.  The  standard  error  of 
estimate  of  6.55  tnph  was  a  measure  of  the  precision  of  the  equation. 

A  significant  portion  of  the  unexplained  variation  in  overall  travel 
speeds  was  probably  caused  by  Individual  driver  behavior.  Variations 
were  evident  in  the  driving  habits  of  vehicle  operators  as  the  test-car 
driver  attempted  to  relate  his  speed  to  the  average  speed  of  the  traffic 
stream.  In  addition,  variations  occurred  within  the  test  driver  in  his 
reactions  to  the  many  conditions  influencing  his  speed. 


The  analysis  of  interrupted  flow  followed  the  same  pattern  as  the 
investigation  of  uninterrupted  flow.  Mean  overall  travel  speeds  and  mean 
running  speeds  were  computed  for  directional  flows  and  for  the  combined 
flows  in  each  section.  These  mean  speeds  are  presented  in  Table  4.  The 
overall  speed  equaled  the  running  speed  in  the  northwest  flow  of  Section  1 
because  no  stop  was  required  in  this  direction.  The  mean  speeds  in 
Sections  17  and  18  were  higher  than  for  the  other  sections;  these  sections 
were  longer  and  the  delays  caused  by  the  signal  were  distributed  over  a 
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TABLE         3 
MULTIPLE    LINEAR    REGRESSION   AND    CORRELATION 
ANALYSIS,    UNINTERRUPTED   FLOW 

Dependent  Variable:      Travel   Speed 
Intercept   =   68.60   mph 

Multiple   Correlation  Coefficient    -   0.704 
Standard   Error   of   Estimate    =    6.55   roph 


Variable 

Net  Regression 

Standard 

Coefficient 

Error 

3 

-0.4541 

0.1214 

9 

-0.1775 

0.0211 

13 

-0.1007 

0.0135 

19 

-0.0150 

0.0022 

42 

-0.0301 

0.0044 
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TABLE   4 
AVERAGE  TRAVEL  SPEEDS,  INTERRUPTED  FLOW 


Section 

Average  Travel  Speed 

,  mph 

SE   Flow 

NW   Flow 

Combined  Flows 

Overall 
Speed 

Running 

Speed 

Overall 
Speed 

Running 

Speed 

Overall 
Speed 

Running 
Speed 

* 
1 

26.8 

29.5 

42.4 

42.4 

34.6 

36.0 

3 

30.1 

31.9 

29.3 

32.2 

29.7 

32.1 

8 

21.7 

26.4 

24.1 

28.2 

22.9 

27.3 

11 

19.9 

25.3 

27.4 

30.0 

23.7 

27.7 

13 

23.6 

25.9 

24.8 

27.8 

24.2 

26.9 

15 

19.7 

23.5 

21.1 

25.7 

20.4 

24.6 

* 
17 

35.0 

38.0 

32.0 

35.7 

33.5 

36.9 

* 
18 

29.2 

32.9 

24.1 

31.9 

26.7 

32.4 

Not  included  in  the  multivariate  analysis 
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greater  distance .  Of  the  five  sections  included  in  the  mltivatiate 
analysis,  Section  3,  which  had  e  semi-actuated  traffic  signal  for  the 
traffic  on  the  road  crossing  the  bypass,  had  the  highest  overall  travel 


The  stopped  times  for  each  section  were  summarized  by  computing  the 
mean  stopped  tis@  of  each  run,  the  mean  duration  of  the  stop,  and  the 
percent  of  the  runs  when  steps  occurred „  These  results  are  presented  in 
Table  5o  Because  a  stop  sign  existed  in  the  southeast  flow  of  Section  1, 
the  test  vehicle  was  always  forced  to  stop.  The  stopped  tiases  were  less 
at  Section  3  with  the  semi-actuated  signal  than  at  any  other  signal. 
In  Section  11  the  test  vehicle  encountered  fewer  stopped  tisses  in  the 
northwest  flow,  because  there  was  a  10- see  advance  green  t toss  for  left 
turns  and  through  movements  in  that  direction. 

The  average  delays  per  vehicle  for  both  bypass  approaches  to  each 
intersection  included  in  the  multivariate  analysis  were  computed  by  the 
two  methods  described  in  the  discussion  of  the  procedure.  These  total 
delays,  including  both  stopped  and  running  delays,  are  summarised  in 
Table  6.  The  delays  computed  by  the  two  methods  were  very  similar.  A 
hypothesis  test  was  performed  to  determine  whether  the  mean  of  the 
differences  of  the  computed  sod  the  theoretical  mean  delays  at  each 
approach  was  equal  to  zero.  The  hypothesis  was  accepted  at  a  5-p@rcenfe 
level  of  significance.  Therefore,  the  results  of  the  two  computational 
did  not  differ  significantly  for  each  intersection. 
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TABLE     5 
AVERAGE    STOPPED  TIMES,    INTERRUPTED   FLOW 
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Section 

SE   Flow 

NW   Flow 

Average 
Stopped 

Time 
per  Run, 
sec 

Average 
Length 
of  Stop, 

sec 

Percent 
of  Runs 

When 

Stops 
Occurred 

Average 
Stopped 

Time 
per  Run, 
sec 

Average 
Length 
of  Stop, 

sec 

Percent 
of  Runs 

When 

Stops 
Occurred 

* 
1 

5.3 

5.3 

100.0 



3 

3.7 

12.4 

30.0 

4.1 

15.3 

27.5 

9 

10.0 

16.6 

60.0 

8.1 

15.0 

52.5 

11 

12.1 

18.7 

65.0 

4.2 

10.5 

40.0 

13 

4.8 

11.4 

42.5 

5.7 

12.8 

45.0 

15 

9.2 

17.5 

52.5 

8.6 

16.5 

55.0 

* 
17 

5.3 

16.4 

32.5 

8.0 

16.3 

60.0 

* 
18 

8.8 

17.6 

50.0 

15.8 

19.6 

72.5 

Not  included  in  the  multivariate  analysis. 
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TABLE    6 
AVERAGE  DELAYS,  INTERRUPTED  FLOW 


Section 

Average  Delay  per  Vehicle,  sec 

SE  Flow 

NW  Flow 

Calculated 

Theoretical 

Calculated 

Theoretical 

3 

8 

11 

13 

15 

7.0 
11.0 

15.5 

8.3 
13.5 

6.4 
15.7 
16.4 

7.9 
14.2 

7.4 
15.1 

8.3 
10.6 
13.0 

7.9 

12.9 

8.5 

8.9 

12.7 

Facto?  Analysis 

correlation  matrix  including  variables  Ad  to  93  inclusive 

and  examined.  Variables  53,  57,  59,  69,  and  70  and  the 
variables  92  and  93  were  deleted,  and  the  resultant  Matrix  was  factor ised 
by  the  principal-axes  method.  The  factor  analysis  reduced  the  41  variables 
to  11  factors  which  accounted  for  90  percent  of  the  total  variance  of  the 
variables. 

An  examination  of  the  rotated- factor  matrix  permitted  the  identifica- 
tion of  each  factor.  The  following  identified  factors  are  listed  with 
their  important  component  variables  and  respective  coefficients s 

8  -  High  through  vol&me  on  major  street  -  this  factor  describes  a 

signal  designed  to  handle  a  predominantly  through  movement  of 

traffic  for  the  major  direction  of  flow. 

55  -  Intersecting  streets  on  both  sides,  -0.9117 

62  -  Cycle  length,  40.6592 

63  -  Green  time  per  cycle,  +0.8961 

64  -  Practical  approach  capacity 8  4-0.8350 
89  -  Green  to  cycle  ratio,  4-0.7013 

0  -  Off-peak  period  -  this  condition  indicates  an  off-peak  vol 
period  of  the  day. 

79  -  Thursday,  4-0.5827 

80  -  Friday,  -0.4199 

81  -  8s00  to  10*00,  40.5865 

84  -  3:01  to  6s00,  -0.7629 

85  -  Approach  volume,  -0.8230 

86  -  Opposing  volume,  -0.7167 
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87  -  Total  intersection  volume,  -0.3031 
91  -  Approach  volume  to  capacity  ratio,  -0.8523 
F  -  Flat  topography  -  this  factor  describes  a  level  type  of  topography. 

51  -  Approach  grade ,  -0.6335 

52  -  Exit  grade,  -0.3926 

q  .  Commercial  development  -  a  high  degree  of  commercial  development 
adjacent  to  the  intersection  is  indicated  by  this  grouping  of 
variables. 
58  -  Access  drives  on  both  sides,  +0.7022 

61  -  Commercial  establishments  on  both  sides,  40.7244 
68  -  Regulatory  signs,  40.5504 

R  -  Low  minor-street  traffic  -  this  factor  describes  an  intersection 
with  a  relatively  minor  street  intersecting  the  major  traffic  flow. 
46  -  Semi-actuated  signal,  40.8646 

62  -  Cycle  length,  -0.6240 

87  -  Total  intersection  volume,  -0.2913 
90  -  Approach  to  total  volume  ratio,  40.4257 
S  -  Concentrated  turning  movements  -  this  factor  indicates  a  large 
percentage  of  turning  movements  from  both  streams  of  the  major 
traffic  flow  to  the  right  side  of  the  direction  of  travel  of  the 
test  vehicle. 

71  -  Left  turns  from  directional  travel,  -0e7392 

72  -  Right  turns  from  directional  travel,  40.8801 

73  -  Left  turns  from  opposing  travel,  40.8243 

T  -  Time  variations  -  variations  in  the  times  and  days  when  the  data 
were  recorded  are  reflected  in  this  factor,  which  is  not  completely 
defined. 
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78  -  Wednesday,  -0.8220 

79  -  Thursday,  40.5977 

81  -  8s00  to  10sOOs  40,4812 

83  -  12s01  to  3sOOs  -0,7767 

0  -  Vertical  resistance  -  this  group  describes  the  vertical  aligonent 
affecting  the  traffic  flos?. 

50  -  Length  of  exit  serge  lane*  40.7288 

51  -  Approach  grade „  40.6978 

52  -  Exit  grade,  40.7365 

V  -  Long-distance  travel  -  through  traffic  traversing  the  entire 
length  of  the  bypass  is  reflected  in  this  factor. 

81  -  8800  to  lOsOO,  -0.3519 

82  -  lOsOl  to  12*00,  40.8699 

84  -  3s01  to  6s00,  -0.4207 

88  -  Ccsoaercial  vehicles,  40.4160 
90  -  Approach  to  total  volu&e  ratio,  40.3943 
W  -  Qay-of-week  variations  -  the  variation  in  days  for  which  travel 
tines  were  obtained  contribute  to  this  partially  defined  factor. 

76  -  Monday,  40.8456 

78  -  Wednesday,  -0.2492 

80  -  Friday,  -0.6065 

Z  -  Other  day-of-week  variations  -  further  variations  within  the  week 
are  evident  in  this  group* 

77  -  Tuesday,  -0.9226 

79  -  Thursday,  40.2653 

80  -  Friday,  40.3217 
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After  the  factor-score  asatrix  was  computed,  the  factors  were  corre- 
lated with  both  seas  travel  speed  and  seas  delay .  These  factor  corre- 
lations are  listed  in  Sable  7«  The  sasse  three  factors  were  significant 
in  accounting  for  the  variations  of  both  dependent  variables.  These 
factors 9  which  were  off-peak  period ,  flat  topography ,  and  low  minor- 
street  traffic  ware  associated  with  increased  speeds  and  decreased  delays. 
Multiple  linear  regression  equations  were  developed  to  predict  travel 
speed  and  delay  from  these  significant  factors.  The  following  relation- 
ship was  derived  to  estimate  travel  speed  for  interrupted  flows 

11.  S3  »  24.16  +10.186  (0.2202F0  +  0ol404Fp  +  0.2676FR> 
where  S-  ■  mean  travel  speed,  sph8 

f  ■»  off-peak  period, 

F_  «  flat  topography ,  and 

FR  -  low  minor-street  traffic. 
The  degree  of  correlation  of  this  equation  was  expressed  by  a  multiple 
correlation  coefficient  of  0.364.  Approximately  13  percent  of  the  total 
variation  in  travel  speed  was  reflected  in  the  three  significant  factors . 
The  standard  error  of  estlssste  was  9.49  tEph. 

Delay  was  related  to  the  significant  factors  by  the  following  formulas 

12.  D,  *  16.49  +  14.23  (-0.1455F.  -0.1778F-,  -0.2044FJ 

1  O         v  8 

where  B,  *  mean  delay,  sec, 

FQ  ■  off -peek  period, 

F-  »  flat  topography,  and 

W    a  low  minor  street  traffic. 
The  tsultiple  correlation  coefficient  of  0.307  measured  the  degree  of  linear 
association  between  delay  and  the  three  significant  factors.  The  three 
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TABLE         7 
CORRELATION    OF    MEAN   TRAVEL    SPEED   AND    DELAY   WITH 
FACTORS,     INTERRUPTED   FLOW 


Factor 

Correlation 

Coefficient 

Travel  Speed 

Delay 

N 

-0.0278 

-0.0646 

O 

+0.2022* 

-0.1455* 

P 

+0.1404* 

-0.1778 

Q 

-0.0703 

+0.0470 

R 

+0.2626 

-0.2044 

S 

-0.0194 

+0.0399 

T 

+0.0137 

+0.0120 

U 

-0.0540 

+0.0224 

V 

-0.0413 

+0.0164 

w 

+0.0567 

-0.0636 

x 

+0.0388 

-0.05S3 

Significant    at   the    5-percent    level 
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factors  explained  only  9  percent  of  the  total  variation  in  delays.  An 
index  of  precis  tea  was  provided  by  the  standard  error  of  estimate  of 
13.54  sec. 

The  significant  factors  were  evaluated  in  terms  of  the  original 
variables.  The  following  Multiple  linear  regression  equations 
developed  in  8tandard~seore  form  to  express  these  factors § 
13.  FQ  -  0.11772?9  -  0.1225Z80  +  0.1969Zgl  -  0.13902^  -  0.19Q7Zgs 


-  O.iaOOZgg  -  0.1416Zg7  +  O.lSl&Sgg  -  0.2080Z9] 


140  Pp  »  -0.1765S48  -  0.1406Z49  -  O.WSSZ^   -  0.1690Z?5 
15.  FR  -  0.27902^  +  0.1G80Zg()  -  0.1904Z62  +  0.12652^  -  O.2305Z6? 
+  0.1071E68  -  0.1234Z?1  +  0.16Q8Zg9  4-  0.1694Z9Q 
F  «  eofn&JB  factor  and 


Zt  -  standard  score  of  variable. 


The  standard  scores  of  each  variable  are  confuted  from  Squstion  9„  Thi 
means  and  standard  deviations  of  each  varieble  are  listed  in  Table  10, 


Multiple  Linear  Regression  and  Correlation  Analysis 

Multiple  linear  regression  cassations  were  developed  to  estimate 
travel  speeds  and  delays  for  interrupted  flow  -as  functions  of  the  signi- 
ficant variables.  The  techniques  for  deriving  these  relationships  were 
similar  to  the  standards  followed  in  the  uninterrupted  flow  analysis. 

The  multiple  linear  equations  expressing  overall  travel  speed  and 
delay  as  functions  of  Che  significant  variables  are  presented  in  Table  8. 
The  speed  relationship  has  the  following  forms 
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TABLE        8 
MULTIPLE    LINEAR    REGRESSION    AND    CORRELATION 
ANALYSIS,     INTERRUPTED    FLOW 

Dependent  Variable    :      Travel    Speed 
Intercept   =    28.59   n>ph 

Multiple   Correlation   Coefficient    =   0.356 
Standard  Error   of   Estimate    =   9.53   mph 


Variable 

Net  Regression 

Standard 

Coefficient 

Error 

51 

-0.4165 

0.3235 

62 

-0.2118 

0.0587 

85 

-0.0120 

0.0280 

87 

-0.0170 

0.0104 

89 

+29.4800 

7.4789 
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TABLE  8  (continued) 

MULTIPLE  LINEAR  REGRESSION  AND  CORRELATION 

ANALYSIS,  INTERRUPTED  FLOW 

Dependent  Variable:  Travel  Delay 
Intercept  =  11.95  sec 

Multiple  Correlation  Coefficient  -  0.326 
Standard  Error  of  Estimate  =  13.544mph 


Variable 

Net  Regression 

Standard 

Coefficient 

Error 

49 

+0.0052 

0 . 0024 

62 

+0.2299 

0.0833 

85 

+0.0135 

0.0401 

87 

+0.0168 

0.0154 

89 

-35.7935 

12.7107 
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16.  S.  «  28.595  -  0o4165X_,  -  0.2118X.,  -  0.0120Xoe 

*  51        62         85 

-  3,0170X87  +  29c480QSg9 
where  S.  »  mean  travel  speed,  s^h, 

%      «  average  algebraic  grade  of  approach,  percent, 

X,2  ■  cycle  length  ©f  traffic  signal,  sec, 

Xg.  ■  traffic  volume  approaching  the  intersection  in 

the  direction  of  travel,  vehicles  per  IS  sin, 
Xg.  ■  total  traffic  volume  entering  the  intersection 

on  all  four  approaches,  vehicles  per  15  sin,  and 
Xg-  ■  green  tiase  t©  cycle  length  ratio. 
The  degree  of  linear  correlation  vas  indicated  by  a  saultiple  correlation 
coefficient  of  0.369c  The  significant  variables  {approach  grade,  cycle 
length,  approach  volcaaa,  total  intersection  voluos,  and  gr@ea°to-«yele 
ratio)  accounted  for  14  percent  of  the  variation  in  travel  speeds »  Ail 
variables  except  green  tisse  to  cycle  length  ratio  were  negatively  related 
to  travel  speeds.  The  reliability  of  the  estissate  was  expressed  by  a 
standard  error  of  9.53  ssph. 

The  following  multiple  linear  regression  equation  for  travel  delay 
was  evolved g 

17.  B2  «  11.951  +  0.0Q52X49  -f  0.2299X62  +  0.0135X..  +  0.0168Xa- 

-  35.7935Xg9 

where  D«  ■  nseaa  travel  delay,  sec, 

X.„  "  length  of  approach  to  special  turning  lane,  ft., 
Xfi2  ■  cycle  length  of  traffic  signal,  sec, 
Xg.  -  traffic  volume  approaching  the  intersection  in  the 
direction  of  travel,  vehicles  per  15  rain., 
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X„_  ■  total  traffic  veluos  catering  the  intersection  on 
all  four  approaches,  vehicles  per  15  tain,  and 

X„g  «  green  time  to  cycle  length  ratio. 
the  correlation  coefficient  of  0.326  measured  the  degree  of  the  fu@eti.onal 
relationship  of  the  variables.  Approximately  11  percent  of  the  variability 
in  delay  was  explained  by  the  independent  variables.  The  variables  of 
length  of  approach  to  turning  lane,  cycle  length,  approach  volume,  and 
total  intersection  volume  were  correlated  with  delay  ia  a  positive  manner, 
while  the  green  time  to  cycle  length  ratio  had  a  negative  relationship. 
The  standard  error  of  estimate  was  13.54  mph.  The  sign  of  the  regression 
coefficient  of  the  length  of  approach  to  turning  lane  variable  was  contrary 
to  expectation.  The  plus  sign  indicated  that  delay  increased  as  the 
length  of  the  approach  increased  in  combination  with  the  other  variables 
ia  the  model.  The  length  of  the  approach,  however,  was  interrelated  with 
a  high-volume  intersection  and  with  a  relatively  high  number  of  turning 
movements.  These  conditions  contributed  to  the  increased  delays. 

The  multiple  correlation  coefficients  of  these  two  regression 
equations  were  lower  for  the  analysis  of  the  interrupted  flow  versus 
those  for  the  uninterrupted  flow.  Overall  travel  speeds  and  delays  at 
signalized  intersections  depended  greatly  on  whether  or  not  the  vehicle 
was  required  to  stop.  This  condition  of  chance  was  not  accounted  for 
in  the  analysis.  In  addition,  those  variables  which  were  significant  in 
the  final  models  exhibited  little  variation  among  the  study  Intersections. 
The  unexplained  variability  with  individual  drivers  was  again  evident  in 
the  analysis. 
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S&f&EKir  OF  3ESU13S  ARD  CO^CLUSZtSS 

The  following  conclusions  were  derived  from  the  results  of  the 
multivariate  analyses  of  overall  travel  speeds  and  delays  on  the  U.S.  52 
bypass  located  in  Lafayette,  Zadiaca.  The  movements  of  traffic  on  the 
bypass  were  classified  into  two  categories  <>  Uninterrupted  flow  was  disi- 
tingisiebsd  fro®  interrupted  flow  at  signalised  intersections  where  traffic 
was  required  to  stop  for  the  red-signal  indication,,  fhese  conclusions 
are  valid  only  for  the  flow  of  traffic  on  the  bypass,  hut  these  findings 
also  serve  as  generalisations  of  the  significant  determinants  of  crave! 
speeds  and  delays  on  similar  type  facilities « 

1.  The  overall  travel  speeds  of  the  uninterrupted- flow  -portions  of 
the  bypass  were  influenced  by  four  significant  factors.  Commercial 
development ,  urhsn  development ,  and  stress  friction  were  negatively 
related  to  speed,  and  the  remaining  factor ,  rural  development, 
was  associated  with  travel  speed  in  a  positive  moaner <>  Commercial 
development  accounted  for  30  percent  of  the  variation  in  travel 


2.  Five  variables  were  significant  in  the  prediction  of  mean  overall 
travel  speeds  for  the  uninterrupted  flow  sections?  These  vari- 
ables, which  were  total  number  of  street  intersections  per  mile, 
total  number  of  cctsmercial  establishments  per  mile9  percent  of 
section  where  passing  was  not  permitted,  practical  capacity,  and 
total  volume,  were  all  negatively  related  with  trawl  sp@ed<, 

3.  For  the  interrupted -flow  portions  the  factors  which  significantly 
explained  both  overall  travel  speeds  and  delays  were  off-peak 
period,  flat  topography,  and  low  minor-street  traffic.  'Jhese 
three  factors  were  associated  with  increased  travel  speeds  and 
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decreased  delays  «> 

4.  The  variables  of  cycle  length »  traffic  voluna  approaching  the 
Intersection  in  the  direction  of  travel,  and  total  intersection 
voluse  contributed  to  decreased  speeds  and  increased  delays., 
The  green  tlise  to  cycle  length  ratio  accounted  for  significant 
variations  in  travel  speeds  and  delays  in  a  positive  and  negative 
manner e  respectively „  The  approach  grade  of  the  intersection 
was  negatively  related  to  speed,  and  the  length  of  the  approach 
to  the  turning  lane  was  positively  associated  with  delay 0 

5c  Multiple  linear  regression  equations  were  developed  to  estioate 
seen  travel  speeds  and  delays  frosa  the  significant  factors  and 
variables  for  both  flows,,  Approximately  50  percent  of  the  vari- 
eties in  speed  of  uninterrupted  flow  was  explained  and  10  to  15 
percent  of  the  variation  in  travel  speeds  and  delays  at  signal- 
ized  intersections  va»   accounted  for.  The  reliability  of  these 
relationships  was  iiaited  by  the  unknown  effects  of  driver 
behavior  which  was  not  included  in  the  analysis..  In  edditioas 
delays  &t   traffic  signals  were  largely  dependent  on  whether  or 
not  a  stop  occurred. 
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TABLE       9 

MEANS    AND    STANDARD    DEVIATIONS    OF    STUDY    VARIABLES, 

UNINTERRUPTED    FLOW 


Variable 


1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


Mean 


1 

1 

3 

7 

7 
15 

6 

6. 
12. 
48. 

9. 

9. 
38. 

1. 

0. 

0. 

42. 

1683. 

762. 

1458. 

2. 

2. 

2. 

3. 

0. 

0. 

0. 

0. 

0. 

o. 

0. 
0. 
0. 
0. 

o. 

0. 

120. 

121. 

12. 

0. 

o. 

242. 
1. 

0. 
42. 


.695 

.695 

.390 

.935 

.935 

.870 

.015 

.015 

.030 

.500 

.460 

.460 

.850 

.457 

.000 

.330 

.800 

.500 

.00  0 

.000 

.200 

.450 

.385 

.100 

.050 

,500 

.500 

.200 

.200 

.3  38 

.188 

.075 

.078 

.250 

241 

431 

869 

526 

950 

500 

500 

395 

413 

69  3 

304 


Standard  Deviation 


1 

1 

2 
10 
10 
19. 

9. 

9. 
16. 
10. 

4, 

4. 
38. 

1. 

1. 

0. 

3. 
624. 
259. 
310. 

3. 

?. 

2. 

2. 

0. 

0. 

0. 

0. 

o. 
o. 

0. 

0. 

0. 

0. 

0. 

0. 
34. 
36. 

2. 

0. 

o. 

67. 
0. 

c. 

9. 


.772 

.772 

.544 

.953 

.953 

.469 

.237 

.237 

.187 

.973 

.412 

.412 

.523 

.560 

.933 

.644 

.818 

.620 

.616 

.607 

.568 

.013 

.^50 

.800 

.218 

.500 

.500 

.400 

.400 

.473 

.391 

,264 

.268 

.433 

428 

496 

890 

013 

891 

500 

500 

145 

579 

223 

185 
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table    10 

means  and  standard  deviations  of  study  variables, 

interrupted  flow 


Variable 

Mean 

Standard  Deviation 

46 

0.200 

0.400 

47 

0.100 

0.300 

48 

0.100 

0.300 

49 

482.600 

371.428 

50 

377.000 

218.327 

51 

0.401 

1.558 

5? 

-0.401 

1.558 

53 

0.300 

0.641 

54 

0.300 

0.641 

55 

0.600 

0.801 

56 

5.200 

3.030 

57 

5.200 

3.030 

58 

10.400 

4.133 

59 

3.000 

1.343 

60 

3.000 

1.343 

61 

6.000 

2.100 

62 

65.000 

8.955 

63 

37.100 

7.377 

64 

544.399 

56.602 

65 

0.300 

0.641 

66 

0.100 

0.300 

67 

1.600 

1.802 

68 

0.700 

0.458 

69 

0.500 

0.501 

70 

0.500 

0.501 

71 

9.319 

5.685 

72 

10.779 

9.160 

73 

9.319 

5.685 

74 

10.690 

3.709 

75 

10.690 

3.709 

76 

0.200 

0.400 

77 

0.200 

0.400 

78 

0.337 

0.473 

79 

0.187 

0.390 

80 

0.075 

0.263 

81 

0.075 

0.26  3 

82 

0.250 

0.433 

83 

0.245 

0.430 

84 

0.430 

0.495 

85 

132.330 

34.57  3 

86 

133.320 

35.186 

87 

336.262 

89.498 

88 

12.950 

2.892 

99 

0.569 

0.072 

90 

0.  398 

0.061 

91 

0.974 

0.242 

92 

24.160 

10.186 

93 

16.448 

14.235 

